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Abstract
The positive-parity states of 25ΛMg with a Λ hyperon in s orbit were studied with the antisym-
metrized molecular dynamics for hypernuclei. We discuss two bands of 25ΛMg corresponding to the
Kpi = 0+ and 2+ bands of 24Mg. It is found that the energy of the Kpi = 2+ ⊗ Λs band is shifted
up by about 200 keV compared to 24Mg. This is because the Λ hyperon in s orbit reduces the
quadrupole deformation of the Kpi = 0+ ⊗ Λs band, while it does not change the deformation of
the Kpi = 2+ ⊗ Λs band significantly.
PACS numbers: Valid PACS appear here
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I. INTRODUCTION
In these decades, our knowledge of Λ hypernuclear spectra and ΛN interaction has been
greatly increased. Development of the hypernuclear gamma-ray spectroscopy has enabled
us to obtain precise excitation energies [1–3]. By analyzing these hypernuclear spectra
theoretically and experimentally, most of the central part of ΛN effective interaction has
been clarified [3–10]. As a consequence, it makes possible to investigate the structure of
various Λ hypernuclei systematically and quantitatively.
By using such effective ΛN interactions, many theoretical studies predicted and revealed
unique hypernuclear phenomena caused by Λ hyperon. For example, changes of deformation,
super-symmetric state (or genuine hypernuclear state) and shrinkage of the inter-cluster
distance were discussed in p-shell hypernuclei [6, 11–20], and some of them are confirmed
by experiments [2, 3, 21, 22]. Recently, various structure changes have been predicted in
sd-shell hypernuclei, because normal sd-shell nuclei have a variety of structure in the ground
and low-lying states. For example, it was predicted that the Λ hyperon in s orbit reduces
the nuclear deformation [17–20, 23]. On the contrary, the Λ hyperon in p orbit enhances it
[20]. In 21ΛNe, it was predicted that the Λ hyperon generates various α +
16O + Λ cluster
states [24]. By adding a Λ particle to the Kpi = 2− band, the mean-field like states are
also generated [25]. The difference between these structure leads to the difference in the Λ
binding energies and the reduction of the B(E2) [25].
Up to now, many studies have been focused on the structure change of the hypernuclei
with axial deformation and/or axial symmetric cluster structure such as 9ΛBe and
21
ΛNe.
Although many nuclei are considered to have axially symmetric deformation, the degree-of-
freedom of triaxial deformation plays an important role in nuclei with shape coexistence,
and in nuclei soft against γ deformation [26–32].
In triaxial deformed nuclei, the response to the addition of Λ particle will be different
from those of axial symmetric nuclei [23, 33, 34]. 24Mg is one of the candidates of triaxial
deformed nuclei, because of the presence of the Kpi = 2+ side band built on the 2+2 state at
4.3 MeV [35–40]. Based on the Skyrme-Hartree-Fock + BCS study, it was predicted that
the addition of a Λ particle makes 25ΛMg slightly soft against γ deformation [33]. And, a Λ
particle slightly stretches the ground band and reduces the B(E2; 2+1 → 0+) [34]. However,
in these studies, the quadrupole collective motion of 25ΛMg is treated in a approximated way
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by mapping the energy surface to the collective Hamiltonian. For quantitative discussions,
more sophisticated treatment of deformation is desirable. Furthermore, the properties of the
Kpi = 2+ band are essential for the discussion of γ deformation, since it is quite sensitive to
the γ deformation.
The aim of the present study is to reveal how Λ hyperon affects triaxial deformation and
the observables such as excitation energy and B(E2). To investigate them quantitatively,
three dimensional angular momentum projection and generator coordinate method (GCM)
are known to be very powerful and indispensable. Therefore we have applied the Hyper-
AMD with the GCM (HyperAMD + GCM) to 25ΛMg. The HyperAMD [25] is an extended
version of the AMD for hypernuclei and describes hypernuclei without any assumption on
the symmetry of nuclei. Combined with the GCM method, it is possible to investigate and
predict the low-lying energy spectra and B(E2), quantitatively.
In this study, we focus on two positive-parity bands of 25ΛMg with a Λ hyperon in s
orbit corresponding to the Kpi = 0+ (ground) and Kpi = 2+ bands of 24Mg, and we call
the former Kpi = 0+ ⊗ Λs and the latter Kpi = 2+ ⊗ Λs. It is found that the excitation
energy of the Kpi = 2+⊗Λs band is shifted up by about 200 keV systematically. This is due
to the difference in the binding energy of the Λ hyperon, BΛ, between the K
pi = 0+ ⊗ Λs
and Kpi = 2+ ⊗ Λs bands. This difference of BΛ originates in the reduction of the nuclear
quadrupole deformation in the Kpi = 0+ ⊗ Λs band, while the Λ hyperon does not change
that in the Kpi = 2+ ⊗ Λs band significantly. However, the level spacing within each band
is not changed by the Λ hyperon.
This paper organized as follows. In the next section, we explain the theoretical framework
of HyperAMD + GCM. In the Sec. III, the low-lying states with positive parity of 25ΛM and
their properties are discussed. The differences between the Kpi = 0+⊗Λs and Kpi = 2+⊗Λs
bands are the focus. The final section summaries this work.
II. FRAMEWORK
In this study, we applied the HyperAMD [25] that is an extended version of AMD for hy-
pernucleus to 25ΛMg. To analyze low-lying spectra, the generator coordinate method (GCM)
was also employed.
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A. Hamiltonian and variational wave function
The Hamiltonian used in this study is given as,
Hˆ = HˆN + HˆΛ − Tˆg, (1)
HˆN = TˆN + VˆNN + VˆCoul, (2)
HˆΛ = TˆΛ + VˆΛN . (3)
Here, TˆN , TˆΛ and Tˆg are the kinetic energies of nucleons, a Λ hyperon and the center-of-
mass motion, respectively. We have used the Gogny D1S interaction [41] as an effective
nucleon-nucleon interaction VˆNN . The Coulomb interaction VˆCoul is approximated by the
sum of seven Gaussians. As an effective ΛN interaction VˆΛN , we have used the central part
of the YNG-NF interaction [5]. The YNG-NF interaction depends on the nuclear Fermi
momentum kF through the density dependence of the G-matrix in the nuclear medium. In
this work, we apply kF = 1.18fm
−1. This gives the binding energy of Λ particle in 25ΛMg,
BΛ = 15.98 MeV, which is consistent with the systematics of BΛ as a function of mass
number A derived from observed data [42].
The single Λ hypernucleus composed of A nucleons and a Λ hyperon is described by the
wave function that is an eigenstate of the parity,
Ψpi = Pˆ piΨint, (4)
where Pˆ pi is the parity projector and the intrinsic wave function Ψint is represented by the
direct product of the Λ single-particle wave function ϕΛ and the wave function of
24Mg, ΨN ,
Ψint = ϕΛ ⊗ΨN . (5)
The nuclear part is described by a Slater determinant of nucleon single-particle wave packets,
ΨN =
1√
A!
det {ψi (rj)} , (6)
ψi (rj) = φi (rj) · χi · ηi, (7)
φi (r) =
∏
σ=x,y,z
(
2νσ
π
)1/4
exp
{
−νσ
(
r − Zi
)2
σ
}
, (8)
χi = αiχ↑ + βiχ↓, (9)
ηi = proton or neutron, (10)
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where ψi is ith nucleon single-particle wave packet consisting of spatial φi, spin χi and isospin
ηi parts. The centroids of Gaussian Zi, width parameters νσ and spin directions αi and βi
are the variational parameters of the nuclear part.
The Λ single-particle wave function is represented by the superposition of Gaussian wave
packets,
ϕΛ (r) =
M∑
m=1
cmϕm (r) , ϕm (r) = φm (r) · χm, (11)
φm (r) =
∏
σ=x,y,z
(
2νσµ
π
)1/4
exp
{
−νσµ
(
r − zm
)2
σ
}
, (12)
χm = amχ↑ + bmχ↓, (13)
µ =
mΛ
mN
, (14)
where mΛ and mN represent the masses of the Λ particle and the nucleon, respectively.
Again, the centroid of Gaussian zm, spin directions am and bm, and coefficients cm are
the variational parameters of the hyperon part. Since we have superposed Gaussian wave
packets, it is rather tedious to remove the spurious center-of-mass kinetic energy exactly.
Therefore we approximately removed it in the same way as our previous work [25].
B. Variation on β-γ plane
The variational calculation has been performed in two steps. The first is the variational
calculation for 24Mg under the constraints on nuclear matter quadrupole deformation pa-
rameters β and γ. The β-γ constraint is applied in the same way to the references [40, 43].
The variation with the β-γ constraint was achieved by addition of the parabolic potentials,
Vc = vβ (〈β〉 − βi)2 + vγ (〈γ〉 − γi)2 , (15)
E˜ =
〈ΨpiN |Hˆ|ΨpiN〉
〈ΨpiN |ΨpiN〉
+ Vc, (16)
to the total energy of the core nucleus 24Mg. The variational wave function of the nucleon
part was determined to minimize E˜ for given values of βi and γi by using the frictional
cooling method. The resulting nuclear wave function ΨpiN(βi, γi) has minimum energy for
given set of (βi, γi) and we shall call it core state. In this study, the core states are calculated
for discrete sets of (βi, γi) in β-γ plane.
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The second step is the variation for 25ΛMg. Combined with the core-state wave function
ΨpiN(βi, γi) as Ψ
pi(βi, γi) = ϕΛ⊗ΨpiN (βi, γi), we have performed variational calculation of the
Λ single-particle wave function and determined the variational parameters zm, am, bm and
cm for each grid point on β-γ plane. We shall call the resulting state Ψ
pi(βi, γi) hypernuclear
state.
C. Angular momentum projection and GCM
After the variational calculation, we project out an eigenstate of the total angular mo-
mentum from the hypernuclear states,
ΨJpiMK(βi, γi) = Pˆ
J
MKΨ
pi(βi, γi)/
√
NJpiK (βi, γi), (17)
Pˆ JMK =
2J + 1
8π2
∫
dΩDJ∗MK(Ω)Rˆ(Ω), (18)
NJpiK = 〈Pˆ JMKΨpi(βi, γi)|Pˆ JMKΨpi(βi, γi)〉. (19)
Here Pˆ JMK is the total angular momentum projector. The integrals are performed numerically
over three Eular angles Ω.
We calculate the mixing between the different K states that have the same intrinsic
deformation (βi, γi),
ΨJpin (βi, γi) =
J∑
K=−J
fKniΨ
Jpi
MK (βi, γi) , (20)
and call it K-mixed state. The coefficients fKni are determined through the double diago-
nalization of HKK ′ and NKK ′ defined as,
HKK ′ = 〈ΨJpiMK(βi, γi)|Hˆ|ΨJpiMK ′(βi, γi)〉, (21)
NKK ′ = 〈ΨJpiMK(βi, γi)|ΨJpiMK ′(βi, γi)〉. (22)
Finally, we superpose all of the K-mixed states with different deformation ( βi , γi )
(GCM). Then the final wave function of the system becomes as follows:
ΨJpiα =
∑
i,n
gniαΨ
Jpi
n (βi, γi) , (23)
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where quantum numbers other than total angular momentum and parity are represented by
α. The coefficients gniα are determined by the solving the Hill-Wheeler equation:
∑
n′,j
Hnin′jgn′jα = Eα
∑
n′,j
Nnin′jgn′jα, (24)
Hnin′j = 〈ΨJpin (βi, γi)|Hˆ|ΨJpin′ (βj, γj)〉, (25)
Nnin′j = 〈ΨJpin (βi, γi)|ΨJpin′ (βj , γj)〉. (26)
The physical quantities discussed in the next section are basically calculated from the GCM
wave function.
D. Analysis of wave function
To analyze and discuss the GCM wave function on β-γ plane, it is convenient to introduce
the overlap between the GCM wave function ΨJpin and K-mixed states,
OJpinα(βi, γi) = |〈ΨJpin (βi, γi)|ΨJpiα 〉|2. (27)
The behavior of OJpinα(βi, γi) in β-γ plane is discussed in the next section.
We also calculate the expectation values of the operators HˆΛ and HˆN ,
BΛ = −〈ΨJpiα |HˆΛ|ΨJpiα 〉, (28)
EN = 〈ΨJpiα |HˆN |ΨJpiα 〉, (29)
to see the contribution from the hyperon part and nuclear part to energy shifts. For further
analysis, by using the K-mixed state Eq. (20) with given deformation parameters βi and γi,
we calculate the expectation values of the operators Hˆ and HˆΛ,
ǫ (βi, γi) = 〈ΨJpin (βi, γi) |Hˆ|ΨJpin (βi, γi)〉, (30)
bΛ (βi, γi) = −〈ΨJpin (βi, γi) |HˆΛ|ΨJpin (βi, γi)〉. (31)
III. RESULTS AND DISCUSSIONS
The calculated and observed energy spectra of 24Mg are presented in Fig. 1(a). The
AMD with GCM framework describes successfully the ground (Kpi = 0+) and the Kpi = 2+
7
0
+
1
2
+
1
4
+
1
6
+
1
2
+
2
4
+
2
3
+
1
6
+
2
0
5
10
12
0
5
10
12
1/2
+
1
3/2
+
1,5/2
+
1
7/2
+
1,9/2
+
1
11/2
+
1
13/2
+
1
3/2
+
2,5/2
+
2
,7/2
+
2
7/2
+
3
9/2
+
3
13/2
+
2
5
+
1
Mg (AMD)24 Mg (HyperAMD)25Λ
K  = 0
+pi
K  = 2
+pi
K  = 0      Λs
+pi
K  = 2      Λs
+pi
5/2
+
3
,9/2
+
2
,11/2
+
2
11/2
+
3
0
5
10
12
Mg (Exp.)24
0
+
1
2
+
1
4
+
1
6
+
1
2
+
2
4
+
2
3
+
1
E
x
ci
ta
ti
o
n
 E
n
er
g
y
 (
M
eV
) 6
+
2
5
+
1
K  = 0
+pi
K  = 2
+pi
α threshold (Exp.)
(a) (b)
α threshold (Theor.)
FIG. 1: (Color online) (a) Calculated and observed low-lying energy spectra of 24Mg. (b) Corre-
sponding spectra of 25ΛMg with Λ hyperon in s orbit.
bands. The dotted-line at 9.32 MeV represents the experimental α+20Ne threshold energy
corresponding to the lowest decay channel. In 24Mg, a triaxial deformation of low-lying states
has been discussed by many authors [35–40]. The excitation energy of the Kpi = 2+ band
is quite sensitive to the degree-of-freedom of triaxial deformation. If triaxial deformation is
not included, the theoretical calculations overestimate the excitation energy of the 2+2 state
by about 4 MeV [38, 40]. Fig. 2(a)-(c) display the density distributions of the intrinsic
wave functions which contribute largely to the 0+1 and 2
+
2 states of
24Mg. It confirms triaxial
deformation of 24Mg.
A. Energy spectra of 25ΛMg
Fig. 1(b) shows the low-lying spectrum of 25ΛMg. We focus on two bands corresponding
to the Kpi = 0+ and Kpi = 2+ bands of 24Mg generated by adding a Λ hyperon in s orbit.
We call the former Kpi = 0+ ⊗ Λs band, and the latter Kpi = 2+ ⊗ Λs band. Coupling of
a Λ hyperon in s orbit to the non-zero J states generates the doublets with J − 1/2 and
J + 1/2. However, most of them are degenerated in Fig. 1. The dotted line in Fig. 1(b)
represents the α+21ΛNe threshold energy calculated with HyperAMD. It shows that both the
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FIG. 2: (Color online) Density distributions of the intrinsic wave functions that contribute largely
to the 2+1 and 2
+
2 states of
24Mg (upper panels) and to the 3/2+1 and 3/2
+
2 states of
25
ΛMg (bot-
tom panels) plotted from different directions, respectively. Solid lines show the nuclear density
distributions, while the color plots represent the distributions of the Λ hyperon.
Kpi = 0+ ⊗ Λs and Kpi = 2+ ⊗ Λs bands will bound.
Fig. 2(d)-(f) display the intrinsic density distributions for the 3/2+2 state of
25
ΛMg belong-
ing to the Kpi = 2+ ⊗ Λs band. It shows that the nuclear density distribution of the 3/2+2
state in 25ΛMg has triaxial deformation. Therefore, the contribution from the intrinsic state
with triaxial deformation is important in 25ΛMg as in the case of
24Mg. The distribution of
the Λ hyperon is also triaxialy deformed. Therefore the Λ hyperon orbit is not pure s orbit
but non-zero angular momentum components are also mixed. In this paper, we call it s
orbit approximately.
Although the drastic changes cannot be seen in Fig. 1, the Λ hyperon changes the
excitation energies quantitatively. In Tab. I, the excitation energies of each state in 24Mg
and 25ΛMg are listed. It shows that the excitation energy of the K
pi = 2+⊗Λs band is shifted
up by about ∆Ex = 200 keV systematically. On the other hand, the level spacing within the
Kpi = 0+⊗Λs and Kpi = 2+⊗Λs bands hardly change by a Λ hyperon. This is different from
the prediction by reference [34], where the authors predicted that the Λ hyperon slightly
stretches the spectra of the ground band, due to the reduction of the β deformation.
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FIG. 3: (Color online) Contour line represents the increase of ǫ(β, γ) for every 1 MeV, and color
plots show the distribution of the GCM overlap. The definition of ǫ(β, γ) and the GCM overlap
are given by Eq. (30) and Eq. (27), respectively. (a) and (b) correspond to the 2+1 states of
the Kpi = 0+ band and the 2+2 state of the K
pi = 2+ band of 24Mg, respectively. Open circles
represent the peak positions of the GCM overlap for the 2+1 and 2
+
2 states, respectively. (c) and
(d) correspond to the 3/2+1 and 3/2
+
2 states of
25
ΛMg with Λ hyperon in s orbit, respectively. Filled
triangles show the peak positions of the GCM overlap for each state of 25ΛMg, while open circles
show those of the GCM overlap for the corresponding states 2+1 and 2
+
2 , respectively.
B. Difference in BΛ between the K
pi = 0+ ⊗Λs and K
pi = 2+ ⊗Λs bands
The increase of the excitation energy of the Kpi = 2+ ⊗ Λs band is due to the difference
in the Λ binding energy BΛ between the K
pi = 0+ ⊗ Λs and Kpi = 2+ ⊗ Λs bands. Tab. II
summarizes the BΛ defined by Eq. (28) for each hypernuclear state in the K
pi = 0+ ⊗ Λs
and Kpi = 2+ ⊗ Λs bands. For comparison, we calculated the energy changes of the nuclear
part, ∆EN , as,
∆EN = EN
(
25
ΛMg(J
pi)
)− E (24Mg(jpi)) , (32)
where EN is defined by Eq. (29). The total energy E and ∆EN obtained after the GCM
calculation are also listed in Tab. II. It shows that the BΛ for the K
pi = 0+ ⊗ Λs band is
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larger than that for the Kpi = 2+⊗Λs band by 200 keV systematically. On the other hand,
the effects of the Λ particle to the nuclear part are small and comparable for the Kpi = 0+
and Kpi = 2+ bands. Combining the Eqs. (28), (29) and (32), one finds the relation,
∆Ex = Ex
(
25
ΛMg(J
pi)
)−Ex (24Mg(jpi)) (33)
= ∆EN − BΛ +BΛ(GS), (34)
BΛ(GS) = E
(
24Mg(GS)
)− E (25ΛMg(GS)) , (35)
where ∆Ex is change of excitation energy between
24Mg and 25ΛMg for each state and we
have obtained the BΛ(GS) = 15.91 MeV. Therefore the difference of the ∆Ex between the
Kpi = 0+ ⊗ Λs and Kpi = 2+ ⊗ Λs bands comes from the difference of BΛ between these
bands.
The difference of BΛ between the K
pi = 0+⊗Λs and Kpi = 2+⊗Λs bands comes from the
difference of the deformation change by Λ hyperon between these bands. The deformation
change is clearly seen from the distribution of the GCM overlap defined by Eq. (27). In
Fig. 3, the color plots display the distribution of the GCM overlap for the 2+1 and 2
+
2 states
of 24Mg and for the 3/2+1 and 3/2
+
2 states of
25
ΛMg. And the contour shows the increase
of ǫ(β, γ), defined by Eq. (30). To obtain the ǫ(β, γ), we perform the diagonalization of
K and obtain two eigenvalues for the J = 2 state of 24Mg and the J = 3/2 state of 25ΛMg,
respectively. It is found that the lowest energy eigenstate corresponds to the 2+1 (3/2
+
1 ) state
of 24Mg (25ΛMg), and the second lowest eigenstate corresponds to the 2
+
2 (3/2
+
2 ) state of
24Mg
(25ΛMg) at each (βi, γi).
In Fig. 3(a), the peak of the GCM overlap for the 2+1 state of
24Mg locates at (β, γ) =
(0.48, 21◦). Fig. 3(b) shows that the peak of the GCM overlap also locates at (β, γ) =
(0.48, 21◦) for the 2+2 state. In the case of the 3/2
+
1 state of
25
ΛMg, the peak position is
shifted toward smaller β and γ compared to 24Mg, and located at (β, γ) = (0.43, 15◦). On
the contrary, in the case of the 3/2+2 state, the peak position is unchanged. Therefore the Λ
hyperon in s orbit reduces the quadrupole deformation of the 3/2+1 state, while it does not
change deformation of the 3/2+2 state.
Here we compare the bΛ(β, γ) of the 3/2
+
1 state with that of the 3/2
+
2 state in
25
ΛMg.
According to Eq. (31), we obtained the bΛ(β = 0.43, γ = 15
◦) = 16.09 MeV for the 3/2+1
state, while bΛ(β = 0.48, γ = 21
◦) = 15.80 MeV for the 3/2+2 state. Namely, the bΛ(β, γ) of
the 3/2+1 state is larger than that of the 3/2
+
2 state. This is because the nuclear quadrupole
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deformation of the 3/2+1 state is smaller than that of the 3/2
+
2 state. Therefore the Λ hyperon
in s orbit gains the larger Λ binding energy for the 3/2+1 state. This trend is common to the
other excited states. Deformation of the member states of the Kpi = 0+⊗Λs band is always
reduced and those of the Kpi = 2+ ⊗ Λs band is rarely changed (Tab. III). It leads to the
systematic reduction of BΛ in the K
pi = 2+⊗Λs band. As a results, the Kpi = 2+⊗Λs band
is shifted up by about 200 keV.
C. Changes of B(E2) by Λ hyperon
We have calculated the intra- and inter- band B(E2) values by using the GCM wave
functions. To compare the B(E2) values of 25ΛMg with those of
24Mg, they are corrected
under the assumption that a Λ hyperon occupies the s orbit for each hypernuclear state
in the Kpi = 0+ ⊗ Λs and K = 2+ ⊗ Λs bands (see the Appendix of the reference [25]).
Tab. IV summarizes both the uncorrected and corrected B(E2) values corresponding to the
intra-band transitions 2+1 → 0+1 in the Kpi = 0+ band and 3+1 → 2+2 in the Kpi = 2+ band.
It is found that the Λ hyperon in s orbit does not change the B(E2) values significantly.
Indeed, Tab. IV shows that the changes of B(E2) due to the Λ hyperon are less than 10
% except for the 7/2+2 → 3/2+2 and 5/2+3 → 5/2+2 transitions, and are consistent with the
prediction by reference [34]. These changes are smaller than the changes in 21ΛNe. In the case
of 21ΛNe, it is predicted that the B(E2) values are reduced by about 20 % by the calculation
with the α+16O +Λ cluster model [24] and HyperAMD + GCM [25]. We have calculated
and investigated the change of B(E2) values for the inter-band transitions in 25ΛMg. It is
found that the changes of B(E2) values of the intra-band transitions are also about 10%.
IV. SUMMARY
In this paper, we have applied the HyperAMD to 25ΛMg and investigated the effects by a
Λ hyperon to the nucleus with triaxial deformation. Focusing on the positive-parity states
with a Λ hyperon in s orbit, we discussed two bands of 25ΛMg corresponding to the K
pi = 0+
and Kpi = 2+ bands in 24Mg. Both of them are expected to be bound.
Although the gross feature of the excitation spectra of 25ΛMg remains similar to that of
24Mg, the Λ hyperon in s orbit changes the excitation energies quantitatively. It is found
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that the excitation energy of the Kpi = 2+ ⊗ Λs band in 25ΛMg is shifted up by 200 keV
compared to that of the Kpi = 2+ band in 24Mg. This comes from the difference of BΛ
between the Kpi = 0+ ⊗ Λs and Kpi = 2+ ⊗ Λs bands and it depends on the deformation
change of these bands. Since the Λ hyperon reduces the nuclear quadrupole deformation of
the Kpi = 0+ ⊗ Λs band, the Λ binding energy of the Kpi = 0+ ⊗ Λs is larger than that of
the Kpi = 2+ ⊗ Λs band. On the other hand, the level spacing with the Kpi = 0+ ⊗ Λs and
Kpi = 2+ ⊗ Λs bands does not change by adding a Λ hyperon significantly.
It is found that the changes of the intra- and inter- band B(E2) values are not large
compared to the prediction of the B(E2) reduction for 21ΛNe. This corresponds to the small
deformation changes by a Λ hyperon in 25ΛMg.
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TABLE I: Excitation energies (MeV) of each state in the Kpi = 0+ and Kpi = 2+ bands of 24Mg
and the corresponding states of 25ΛMg. Changes of excited energies ∆Ex for each state obtained
with AMD are also presented in unit of MeV. For comparison, observed energies are also listed
[44].
24Mg 25ΛMg
Kpi = 0+ Ex(Cal.) Ex(Exp.) 0
+ ⊗ Λs Ex(Cal.) ∆Ex
0+1 0.00 0.00 1/2
+
1 0.00 ±0.00
2+1 0.98 1.37 3/2
+
1 0.94 −0.04
5/2+1 0.93 −0.05
4+1 3.15 4.12 7/2
+
1 3.06 −0.09
9/2+1 3.06 −0.09
6+1 6.77 8.11 11/2
+
1 6.63 −0.14
13/2+1 6.84 +0.07
24Mg 25ΛMg
Kpi = 2+ Ex(Cal.) Ex(Exp) 2
+ ⊗ Λs Ex(Cal.) ∆Ex
2+2 5.31 4.33 3/2
+
2 5.53 +0.22
5/2+2 5.50 +0.19
3+1 6.28 5.24 5/2
+
3 6.44 +0.16
7/2+2 6.48 +0.20
4+2 7.45 6.01 7/2
+
3 7.56 +0.11
9/2+2 7.58 +0.13
5+1 8.96 7.81 9/2
+
3 9.03 +0.07
11/2+2 9.09 +0.13
6+2 9.66 9.53 11/2
+
3 9.38 −0.22
13/2+2 9.56 −0.10
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TABLE II: Total energy E, changes of EN , ∆EN , and BΛ are listed. Definition of ∆EN is given
in text.
Kpi = 0+ ⊗ Λs band
States E ∆EN BΛ
1/2+1 -213.83 +0.08 15.98
3/2+1 -212.89 +0.04 15.99
5/2+1 -212.89 +0.04 15.99
7/2+1 -210.77 +0.02 16.03
9/2+1 -210.76 +0.04 16.04
Kpi = 2+ ⊗ Λs band
States E ∆EN BΛ
3/2+2 -208.30 +0.10 15.80
5/2+2 -208.33 +0.07 15.79
5/2+3 -207.39 +0.03 15.79
7/2+2 -207.35 +0.07 15.79
7/2+3 -206.27 +0.01 15.82
9/2+2 -206.25 +0.04 15.82
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TABLE III: Deformation parameters β and γ corresponding to the peak of the GCM overlap are
summarized. bΛ(β, γ) at the peak position of the GCM overlap for each state is also listed in unit
of MeV. Definition of bΛ(β, γ) is given by Eq. (31).
24Mg 25ΛMg
Kpi = 0+ β γ 0+ ⊗ Λs β γ bΛ
0+1 0.48 21
◦ 1/2+1 0.48 21
◦ 15.90
2+1 0.48 21
◦ 3/2+1 0.43 15
◦ 16.09
5/2+1 0.43 15
◦ 16.10
4+1 0.48 21
◦ 7/2+1 0.39 25
◦ 16.14
9/2+1 0.39 25
◦ 16.15
24Mg 25ΛMg
Kpi = 2+ β γ 2+ ⊗ Λs β γ bΛ
2+2 0.48 21
◦ 3/2+2 0.48 21
◦ 15.80
5/2+2 0.48 21
◦ 15.80
3+1 0.48 21
◦ 5/2+3 0.48 21
◦ 15.79
7/2+2 0.48 21
◦ 15.79
4+2 0.48 21
◦ 7/2+3 0.48 21
◦ 15.77
9/2+2 0.48 21
◦ 15.78
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TABLE IV: Intra-band B(E2) values (e2fm4) for the 2+1 → 0+1 (Kpi = 0+ band) and 3+1 → 2+2
(Kpi = 2+ band) transitions in 24Mg and the cprresponding transitions in 25ΛMg. cB(E2) represents
the corrected B(E2) values obtained by the same way as explained in the reference [25].
24Mg (AMD) 25ΛMg (HyperAMD)
Trasitions B(E2) Transitions B(E2) cB(E2) Changes(%)
2+1 → 0+1 98 3/2+1 → 1/2+1 92 92 −6.1
5/2+1 → 1/2+1 92 92 −6.1
3+1 → 2+2 167 7/2+2 → 3/2+2 19 192 +15
7/2+2 → 5/2+2 160 178 +6.6
5/2+3 → 3/2+2 138 173 +3.4
5/2+3 → 5/2+2 39 195 +17
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